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PREPACK, 

The  follo'jving  discuaslon  is  divided  into 
two  parts,   namely  one  dealing  with   the  present 
conditions  of  the  Elgin  &  Belvidere  Railway,  and 
the  other  dealing  with  the  changes   that  we  pro- 
pose to  make. 

No  description  of  the  actual  methods  used 
in  the  construction  of   the  speed  time  and  current 
time  curves   ware  given,  as  we  assumed   that  all 
those  who  would  have  occasion  to   read  this  are 
well   enough  versed  in   the  method  of  constructing 
them* 

Ho  financial  estimate  of  the  reconstruction 
work  planned  v/as  made,   as  we   v/ere   not  in  a  posi- 
tion to  make  any  accurate  estimate,  and  hence  deem- 
ed it  advisable  to  eliminate  it  altogether. 

We  wish  to   thank  those  who  have  helped  us 
along  in  this  work,   especially  Mr.    Nichols,  for 
his  help  in  the  construction  of  the  speed- time 
curves  and  the  choice  of  the  motor.      Also  Mr.    W. 
G.    Farnsworth  of  the  Arnold  Co.  ,  who  provided  us 
with  the  profile  of  the   railroad  and  also  with 
the   necessary   information  regarding:  it. 
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Tom  C.    Bolton 
2.    C.   Lang 
John  T.    Turner 
April   21,    1914. 
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1200   VOLT  SYSTEM  Pt>R 
liLGIN  B3LVIDKTO:  RAILWAY. 

Part  1.   Present  system  employed. 

1.  Rout  and  connections 
(a)Location  of  line 
(b)Connectlng   line 
(c)Population  served 

2.  Track  construction 

(a.)Uge  of  private  right  of  ways. 

3.  Transmission   line 
(a) Energy  supply 
(b)Distri'bution  System. 
(c)Type  of  construction  used. 

4.  Substations. 
(a)Location 
(b)  Equipment 

5.  Feeder  and   trolley  construction, 
(a) Size   of  f^seder  used. 

{b)Type   of   overhead  employed. 

6.  Rolling  stock. 

(a)Descri  ption  of  construction. 

(b)Motors  used. 

(c) Auxiliary  equipment. 

7.  Operating  conditions. 
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(a)  Connections  with  other  railways. 

(b)  Schedule  maintained. 


Part  II.        Choice  of  1200  Volt  Direct  Current 
Systeis. 

1.  Keiisons  for  choice. 

(a)  Ty^js  of  vnot-ors  used  with   this  system. 

2,  Choice  of  Motor. 
(u)  Motors  considered. 

(b)  Prslizainaoy  trial  runs. 

(c)  Pinil  chcice  of  303  A.    Westinghouse 
motor. 

(d)  Choice  of  gear  ratio 

5.  Determination  of  time  and  en-srgy  to 

cuke  run. 

(a)  Construction  of  speed   time  curves. 

(b)  Construction  of  schedule. 

(c)  Construction  of  current   time  curves. 

(d)  Load  curves. 

4.  Substations. 

(a)  Reasons   for  elini  nation^^substation. 

5.  Trolley  feeders  and   overhead. 

(a)  Addition  of  400     circular  mile  feeder. 

(b)  Replacement  of  trolley  wire. 

6.  Car  equii^ent. 

(a)  Control  apparatiis. 

(b)  Nxiabar  of  Motors  used. 
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(c)   Auxiliary  Bquipment. 
7.  Concluaion. 
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I,  c;harfi.ot eristics  of  C-ensral  Electric  214 
Uotor. 

<i.        Charactaristica   of  General  Eleotric   214 
Motor. 

3.  Trial  Run  of  General  illectric   214  Motor. 

4.  Characteristics  of  General  Electric   205 
Motor. 

5.  Characteristioa  of  General  Uleotric  205 
Motor. 

6.  Trial  Run  of  Ganeral  Electric  205  Kotor. 

7.  Ctxaraot eristics  of  "*estinghou8e  30 3A 
Motor. 

8.  Characteristics  of  30 3A  Westinghoua© 
Motor. 

9.  Trial  Run  of  'Aestinghouse  303A  Motor, 

10.  Westinghouse  303  A.    Effect  of  Grades. 

II.  Profile  part   L 

12.  Profile  part  II. 

13.  Profile   part  III. 

14.  Speed   time  curves  for  East  Bound. 

15.  Speed  time  curves  for  Vr'est  Bound. 

16.  Train  Sheet. 

17.  Variation  of  Load    (5:25  A.M.    to   7:00  A.H.  ) 

18.  Variation  of  Load    (7:00  A.}L    to  11:00  V.li,) 

19.  Variation  of  Load    (ll:00   P.M.  to  12:25  A,}Z.) 
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20.  West  Bound  Schedule. 

21.  Kast  Bound  Schedule. 

22.  Sub- Station, 
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1200  vrr^T  sYSTj-M  FOB  :t:.ctn  &  BmviDJsreR 

Route  and  Connectlono, 
Tb3  Elgin     &  Belvidere  Railway  extends 
from  Elgin  in  a  northwestarly  direction  to  Bel- 
videre,   a  distance   of  thirty  six  and  ei^^t 
tenths  miles.      The  road  connects  at  Elgin  with 
the  Aurora,  Elfin     &  Chioag©  Railway,  also  with 
th3   trolley   line  operated  "by  the  same  company 
ex^nding  to  Aurora  ii.nd  connsota  with  other  roads 
to  points  beyond.      At  Belvidare  connection  is 
made  with  Rockford  1  nterurban  railway,   operating 
west  frorr,  Rockford  to  Preeport. 

The  region  through  which  The  Elgin     &  Eel- 
videre  Railway  and   its  Immediate  connections 
pass  is  a  well   settled  and  prosperous  community 
and  offers   opportunities   for  a   large  passenger 
and  freight  traffic*      Betv/een   the  terminal  cities 
of  Elgin,  which  has  a  population  of  about  25,000 
and  Belvidere  with   9,000,   there  are   located  along 
the  route  ^  ether  cities  and  villages.      The  popu- 
lation on  and   irarnediately  attributary  to   the  Elgin 
&  Belvidero  Railway  is  estii^iated   to  be  52,000, 
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while  an  additional   i;opnlation  of  at    least 

25,000   is  'Tiade  accessable  by  connecting  lines 

previously  mentioned,   will  provide  the  cop^rany 

with  a  passenger   traffic  baaes  of  about  300,000. 

As  a  iTiatter   of  fuct  the   passenger  traffic 

has  greatly  exceeded   this   estiinate,   as   shown 

In  following  table. 

1030  1911  1912 

Passengers.         500,905,        525,193,      517,528. 

Car  ITilea.  471,816,        438,434,      470,235. 

VTith  the  exception  of  sV  ort  stretches 
through  several   towns,   the  electric   road  close- 
ly parallels   the  steam  line   of  Chicago  &  Jforth- 
western  R.    R.    and   occupies  an  adjacent  right 
of  way  for  greater  part  of  distance. 
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TRACK  CONSTRUCllON. 
iSxcept  in  cities  and   towns   the    line  is  built 
entirely  upon   pririite  ri  prtt   of  way  50  feet  wide. 
The  country  traversed   is  comparatively  level  and 
for  the  nost  part   the  grading  has  been  light.    A 
EiaximuB  grade  of   two  v'^r  cent  has  been  maintain- 
ed and  curves  of   lonp  radius  are  used   outside 
of  towns.      The  track  has  been  placed  far  enough 
to  one  side  of  the  Cf»nter  of  right  of  way  to 
allow  the  construction  of  two   tracks.      The  stand- 
ard road  bed  has  a  v/i  dth   at   grade    line  of  fourteen 
feet  on  embankments  for  single  track  and  a  width 
of  twenty  seven  feet  at   sidings.      In  excavation 
the  width  of  road  bed  at  grade   li»^e  is  eighteen 
feet   for  single   track  and  thirty  one  feet  at   sid- 
ings,  this  including  ditches.      The  ballast  on 
private  right  of  way  is   of  gravel   to  a  depth  of 
six  inches  below   the   ties. 

The  track   is  o/ 70   /'T"  rails  33  feet  in 
length,   the   joints  are  staggered  and  fitted  with 
4  bolt  22  inch  yVcber'    splices.      The  ties  are   tam- 
arach  hemlock  and  cedar  and  are  spaced   17   to 
each  33  foot  rail.      Tha  rail  joints  are  bonded 
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with   one  'i^cim.  ci'    ti^o'  Ohio  LruQii,  Co»    <i^'t;c  tacle 
typy,    ll-x/^  inohoji   loug  ooli-ji'ud    Lo  w;ibb   al 
ii*ii  u,nl   OA    00*00  caiJa,cil,y,      At  iutervals  cl' 
1000   itjet   Ilo.    0000  oroaa   i;or:u.s  ct>:iijs»ct    the 
Ojt^poai  Le  Xuj.  ^3.      The   entire  right  oi"  v.'ay  is 
foncad   v'dtu   .vovan   -ir-j  i'enciii^'   ox    t.hii  Aiiiariciin 
ai-ael  &   kVirs  Co,    x/i   fefe«  h sight  ^'   tl.a   stti^r/it-rdis 
4£>  inch.      iJig^Lt   *;xroa,   vd  th  one   atru-nd  ojT 
glidden  two  i.Oj.r.t,   uttrbecl  ;vire  at   the    tcp.    X/ing 
I'ejoces  s-ii-   uaeu   lor  oat  tie   guards,   iind  ::.r3   of 
v;ood  o  o  r;3  tr uc  t-i  0  ii. 
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}fv,oj.j:ry  fr>T    opeTatlon   of  the    3-1  n/^!  Ik   ob- 
taj  nod  fron  th?  electrical   8ye*em  of  AvTora, 
jJ-CAn  &  QYicvro  Railway.      Tfco  ell  ri^or'rt  13  .^  sub- 
station  of    tl-fit   road   is    located    ?'-.l/4  mjleg 
scutb   of  El(7in  and  at   the  point   the  trB.rsmls- 
sior   sy&fero  of  the  Elrin  Sc  Pelvlf^ere   ror^d   re- 
ceives   the   1  over.      T>-i»  dlstribrti  on  systens  in- 
cludes as  its   irirolpal   element   a  Yigti   tension 
transnlsglon  system  which  carries   the   tVree 
phase  alt^rnatlrf;-  current  at  26,400   volts   to 
the   sub-staticn3  at  Gilberts,   Union,   and   Oar- 
den  Pr&.irie,   a-i proximately  ten  iri  les  apart. 
At   these  substations   the  current  is   tro.nsfoiTn- 
ed  to   600   volts  direct  and  distributed  slcrr  the 
trolley  vlie   thrcu^^i^   the   3ov/  tension   feeders. 
The   overhead   system  is  arranged Vj  th   a 
ground  v-'iie;at    the  extreme    top  of  the  role   two 
upper  cross  arms  carry  the  liph   tension  wi  ree 
and  the    lowest  cross  arm  carries  t.vo   telei>hone 
wires  and   the   low   tension  feeder.      This  arranf^e- 

ment  while   standard  is  departed  from  on   those 
j^arts   of   the    line  where  the  full    corapliment   of 


wires   as   r,:^.^-id  Is   rjot  r^^^ulx^d. 

The  alur.dii.Td  ^ole  where  the  bracket  ana 
suspension  is  used  varies  between  thirty  atid 
forty  feet,  In    length  and  is  of  cypress  seven 
inches  in  diu:n?rtor  at   top,    the  poles  are  ap&ced 
100   i"ost  apart  and  are  set   seven  feet  In  the 
ground*      Thay  faro  placed  sevon  feet  from  the 
canter   line  of  truck  and  are  set  vertical  on 
striiifht    line  while  on  curves   uj-   to   three  de- 
grees thsy  uro  given  a  slight  rake  in  order   to 
druw  up  to  vertical.      On  sht»rper  curves  the 
poles  are  braced.      Ti-.e  cross  arms  for   the  high 
tension  wires  are  of  southern  pine  3-t   inches 
by  5   inches  by  six  f9<:»t.      The    lowest  cross  ama 
which  carry  telephone  wires  and  feeder  are  3-1 " 
by  4-4   by  five  feet. 

The  hif^i  tension  conductors  are  three  num- 
ber six  copper  \\lres.  The  wires  are  transposed 
to  make  two  complete  turns  between  Garden  Prairie 
and  Union,  three  between  Union  and  Gilberts  and 
two  betv/een  Gilberts  and  Clintonville.  The  in- 
8ulc».tors  \vhich  support   the  high  tension  wire  are 
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are  of  troT-'n  £.: lazed  porcelain  I»ock  No.    408  A 
^Pesigned  for  voltcxge  carried  and   tested   for 
70»000   volt3.      Thay  are  inado  ir   two   pieces, 
CQinsnted  together  and  ara  ei^^t  ir.ciies  In 
diaraoter  and  seven  inches  hirh  v;j  th   a  groove 
for   the  conductor  at  tha   top.      Aa   ste-t^d  bofora 
the  ground  wiro  consists  of  No.    6  galvanized 
vTiro.      It  is  attached  to   the  pole  by  a   litg 
screw  driven  vertically   into  the  apex  b-^iing 
hdld  between  washers  under   the  head  of  the 
screw.      This  vvire  is  grounded  at  every  fifth 
pole     by  a  strip  of  No.    22  galvanized  band 
iron  3-i   inches  v^ide,  which  is  held  at  the 
end  benaath   the   lap  screw  washer  and    led  down 
the  pole  it  is  securely  fastened   to   the  pole 
by  nails  and  comes   to  an  end  at   the    lovi^er  ex- 
tremity of  pole*      The  ground  strip  is   there 
riveted  to  bands  cf  galvanized   iron  which  en- 
circle  the  base   of  the  pole  a  few  ir-Ches  apart. 
All  guy  wires  which  extend  to  within  six  feet 
of  the  ground  are  connected   to  the  /ground  wire. 
Lightning  arresters  are  installed  on  every 
twentieth  polo.      These   lightning  arresters  are 
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of  a  tyT)0  designed  for  3lx  hundred  volta  direot 
current  and  s.T'i  nounted  In  weatherproof  "boxes. 
The  ground  wire  from  the  arrester   is  No.    6  B. 
and  S.    gii.us«3  oopper  ^fire,  and   it  is  led  down  the 
pole  along  th^  ground  atrip  and  ooldered  there- 
to; at    the  foot   of  the  pole  a  ground  wire  pa^aea 
into  the  ballcist  under  the  track  and  oonnacts 
wi  th  a  No,    O'^OO   orosa  bond  attach  3d   to  both   rails. 
At    the  Kl  ah.vaukee  Hirer  and  at  two   other  points 
on  the    line  round   platea   of  one   eight  inch   sheet 
ooppsr  twelve  "by  twenty  four  in  aize  are  buried 
in  the  emhankraent  below  water   lerel  and  are  con- 
nectad  by  No.    O  copper  wire   to  both   the  ground 
wire  and  rails. 


-e» 


STTP  STATIONS. 

Ti-.a  three  aubatations  along  tbo  line 
have  bean  Mentioned.      At  Gi  lb  arts,  G&xden 
Prairie  and  Union  the  structures  provided 
for  this   pvrj  os'3  axe  ^-.xjroxi  Hitoiy  simll-ax 
as  is   shrv/n  by  plate  21.      The  i.iai  n  portion 
of  each    3Uh3tation  ia  39  fe«t   3  inches  "by 
50  f-set  fivf!  inches,  a.nd  in    the  rear  is  an 
extenaicn  el^r^n  feet   eight  ir:ChQS  by  25 
feet   seven  inches,  extendi n^c  sixteen  f'set 
above  the  ceiling  cf   the  main  portion  of  the 
building.      Ths  high   tension  wires  hth  hriught 
into   ths  substation  from  a  point  directly  in 
front   of,  at  v/hich  two  poles  are   set  fifteen 
feet  apart  wi  ch  tha  cross  arrns  turned  at  an 
angle  of  forty  five  degrees  with  the   usual 
plane   of   the  arrr-s.      Froru  theds  cross  anns 
the  hitih   tension  wires  pass  dir3Ctly  ixnd 
without   ctb3r  support   to  inaulators  fixed 
on  a  brachet   on  th3  v/all  of  ths  substation, 
thence  passing  through  a  tubular  insulator 
set   into   the  wall  of  the   substation. 

B'Syoni   the   Gub3s   the    line  conductors 
pass   through    lightning  arresters  and  are 


separated  Ijy   brick  barriers.      The  T.ain  hlrjd 
tension   ii  res   pass   out   of   the  bulldlrc:  in  a 
nianner  sli.rj  lar   to   the  incoming   linea,   the 
arrangement  virtually  mailing  a  loop  of   the 
high   tension    iLnea  in   Lhd  'ouildinp;.      The   3ocal 
lines,    A'hich  o^tq   t<*pped  ofl"   from  the  main  con- 
ductors in    t!-,t*   oarriera,   pass   throuaii    H  f^it- 
nln-^  .-trrost'^ra ,   choke  coils  and   oil   di  f^nonn- 
<2C  tl  n z  8'wi.  tch  3 3. 

The    li^'htning  arresters  are  of   tho  Gon- 
era.1  ;t]l3Ctrio   26,400   volt   three   phase  multi- 
plex type,   aa  -ire  the   oil  cooled  choke  nolDa  which 
have  a  capacity  of  45  F,  V.  A.      Tl-.a   thr'ae  trans- 
formere  which  are  detal  connected  on  hoth  pri- 
mary and   aeoondary  aide  are  each   of   110  K,  W. 
capacity  an'i   step  down  voltage  from  26,400    to 
370   volte.      The   three  transformers  feed  into  an 
al  ternatirit:  current  rotary  i;a.nel  ©f   the  switch 
board,  which  is   thoroughly  eqvdppeci   to  control 
the  rotary. 

The   three  phase  25   cycle   rotary  conver- 
tors  are  of   500  luY/,    capacity  designed  for  370 
volts   on  the  alternating  current  side.      The 


diract  currviriw   to  1  tape  ia  600,      Tiio  cuxr-iiifc 
baiug  I'tid  inLo  ^  uiroot  curifjiit.  s.vitch  board 
aoritai  rdi'ig    -wo  feeder   fanaia  of    1200   cimp<jve 
capacity  for  as2XVing  thtj   'ixoiley    J-i  ne,       ilis 
I  seder  iianae/urd  3y!.uipjf:ed  with   lc;00  uvu-sxe 
G.  i;.    C.    K    typ3  circuit   brwaJ'.er,   u  "T.  J:',  T.  " 
ttiruaeter  «,vi  ;;h  a  shunt  und   loOO  ampere   single 
i^ole  singly  break  switch,   uli  of   \*he   aleot- 
iioitl   cqu.i.pj;it3nu  including  rotary  canvertora, 
switch  tourd   transformers,    oil  switches, 
choke  coila  und  instruments  was  furnished 
bi    the  General  IJoctric   Co.    ard  consists   of 
thsir   8tii,ndard   t^i-e  of  ai:paratus  dssigned  for 
thio  work.      At  >x«3ent  orie  rototry  converror 
ic  installed  in  each  station,    the  space  being 
laft  for  i-n  -.dditional   sqtuipineni,,   as   sV^o^vn  ir 
the  ground   jpl^n  of   the  substation. 

All  wiring  is  done  in  three  inch    ci  ie 
ductti^iiib added  in  tha  coi-sorete  floor. 


rilEDER  yu\'JD  TEOLLEY  CONSTRUCTION. 
Low    ianaion  direct   cuxrsnt  feec/e-rs 
parallel    the  entire   length   of  th'3    line,   and 
distiibutaa   Xu<i  currant  along   the  trollsy   wir3 
from  the  aubstation.      T?x3  size  of  this  fesdsr 
is  300»000  circular  Kill  Is.      It  is   supported   on 
locke  Ko.    47  insulators  of  glazed  porcelain, 
one  piece  double  petticoat  and  four  inchea  in 
diameter  by   threa  inches  in  height.      At   eub- 
atationa  an  800,000  circular  riill  feeder  leads 
the  return  current  froia  the  track  into   the  "build- 
ing.     Ti.e   telephone  wires  which  are  carried  on 
the  aamo  cross  arm  are  copper  No.    li:  B  &  C  gauge 
on   locke  No.    12  iasulator.      The    telejhorg  wires 
are  transposed  at    -jvery  fifth  pole.      Telephora 
Jack  boxas  are  provided  at  frequent  intervals, 
at  wtiich  the  portable  instruments  carried  on 
the  oar  may  be  plugged  in  to  afford  c oirnauni ca- 
tion with  any  part  of  the  system.      Located  on 
poles  at  certain  intervals  are  sectioo  tie 
awitohes,  by  which  sections   of  the  troll iy  vdrs 
and  feeder  mji-y  be  isolated  or   thrown  together  at 
pleasure.      TViese  are  single  pole,   quick  break 


knifo  switches  with  aiuclliary  contacts  and 
terminals.      They  are  mounted  on  slate  bases  in 
weather  proof  boxes.      The  covers  to  the  boxes 
may  be    locked  with  switch  in  either   open  or 
closed  position. 

The  braclfet  arms  which  support  the 
trolley  wires  are  of  the  common  tj^pa  of  one 
and  one  half  inch   structural   steel  tubing  nine 
feet  in   lenc?:th.      V?here  span  suspension, is  used, 
the  span  wire  is  fire  sixteenths  inch  galvan- 
ized strand,   two  wood  strain  insulators  one 
i  nch  by  ni  ne  and  one  half  i  nohee  wi  th  galvan- 
ized  malleable  fittings  are  inserted  in  the 
span  wire,  one  on  each  side  of  the  trolley 
wire.      Tt;e  normal  height  of  the  trolley  wire 
is  nineteen  feet  above  the  top  of  the  rail. 
The  trolley  wire  is  number  000  grooved  wire. 
The  feeder  wire  is  te.pped  into  the  trolley  wire 
at  intervals  of  one   thousand  feet.      8pl3 1   "T* 
clamps  are  used  for  this  purpose. 
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l^LLIJIG  STOCK, 
The  rolling  equipnant   of  this   road  in- 
cludes nine  pciasenger  and  t.'vo  l)aggag3  and  express 
cars,   all  built  by  the  St,    Louis  Car  Co.      Both 
ends  are  veatiouled  and   tLe  pttsaaiig-ar  entrance  is 
at  the  rear  only.      The  interior  of   the  car  is   divid- 
ed into   two  cor-partiTients,   the  inain  portion  heing  in 
accordance  with  standard  interrurban  jractice, 
having  transverse  seats  of  the  U'alkover  pattern. 
The  interior  finish  of   these  cars  ia  dark  n-ahogany 
with  £*.  green  ceiling  decorated  in  gold,  while 
"bronze  metal   fittings  are  used   throughout.      Tie 
alfrangement   of   the  &nokx:^^  compartment  is   so-rae- 
isfcat  out  of   the  ordinary*      Hie  cjotorsian'o  cab  is 
located  at  the  forward  end  ot:  the  right  side, 
back  of  the  laotorraan* s  cab  is  a  sliding  baggage 
door.      By  dropping  thrse  longitudinal  folding  flat 
seats,   aiiiiile  apace  for  baggage  is  provided  for 
when  necessary.      While   tho  car  is  intended  to  run 
forward  under  norraal  conditions,  u  complete  con- 
trol and  air  equipment  has  been  provided  for  in 
ttie  rear*  vestibule  to  allow  baokjvard  running;  if 
necessary.      Tv;o   trolley  poles  are  also  provided 


to  facilitate  running  under  these  conditions. 

On  the  exterior  ,       the  car  body  is 
painted  green  with  yellow  jjanela,  the   length 
over  bvjnpers  is  forty  seven  feet  one  inch,  and 
over  vestilDulss  is  forty  five  feet  five  inches. 
The  width   ovei   the  outside  sheathing  is  eight 
feet  six  inches,  and  heig^ith  from  underside  of 
sills  tc  the  top  of  the  tc-oS   is  nine  feet  four 
inches.      The  truclc  centers  are  twenty  six  feet 
four  inches. 

The  auxiliary  equipment  of  car  inc3udes 
hot  water  heaters,   sectional  parcel  racks,  pan4a- 
sote  curtains,  hand  brakes  of  the  St.   Louis  Car 
Co.    and  Ohraer  fare  registers.      The  couplers  are 
of  the  Van  Dorn  type  and  pilots  are  fixed  to 
the  trucks  in  such  a  position  that  they  do  not 
interfere  with  coupling  two  or  more  cars   together. 

The  interior  lighting  is  furnished  by 
twenty  five  incandescent  lamps  and  an  arc  head- 
lig^it  is  fitted  at  the  forward  end.      All  wiring 
is  placed  in  concealed  iron  conduits. 

The   trucks  are  made  by  the  Baldwin  Loco- 
motive Co.      Roll^steel  wheels  thirty  four  and  one 
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half  inches  ir.  diaaieter  are  used.      The  whaal 
base  is  iiix  f&et   six  inches  and  axles  -cTe  five 
and  Oii-a   i^uurter  irches  in  diamater.      The  trucks 
UT9  i03igni3d  for  a  nlnimura  radius  of  curvature 
of  forty  fiV3  faet,  and  the  cp-sod  calculated 
upon  is  fifty  mi  Iss  per  hour. 

£a.ch  Ci^r  is  equipped  cdth  four  0.  "S^-Vi 
motors  rated  at  sixty  fiva  horse  poTver.  Type 
M  multiple  unit  control  is  ussd,  and  air  "brakes 
ixie  provided.  The  weight  cf  car  li^rht  is  sixty- 
one  thousand  pounds,  and  -/dth  a  maximum  la^-d  of 
fourteen  thousand  pounds  wakes  a  total  'seight 
of  sQVonty  five-  thousand  pounds. 

The  baggage  and  0X})r.t?3.3  cars  are   double 
truck  lik3  the  passenger  curs,  hut  are  designed 
for  double  end  oparatl  on.      The   length   ovftr  tVie 
bumpers  is  forty  fivs  foat,  and  the  width   over 
thd  sheathing  iy  eight  feet  six  inches.      The  truck» 
have    thirty  three  inch  wheels  and  the  -.vheel  hase 
is  sixty  six  inches.      The  maximum  speed  for  which 
the  trucks  ware  designed  was  thirty  miles  per  hoxix, 
and   the  rninioiuin  radius  cf  curvature  is  thirty  five 


feet.      Tl'^e  '^/otor   eiuip^'jnt   is  the  sant-;  aa 
that   of   the  pa-snen^^er  oars,   except   that   typ3  K 
control  Is  used.      Tiiese  cars  ar^  h-satsd  "by  atcves. 
Ty.e  0  luploT's  aro  th"?  aama  aa  those  on  tha  jiassen- 
ger  cars,   and  pilots  are  --ilso   attf.ched   to   tha 
truclcs. 

TY.e  cur  hovse  and  rep^'iT  shf^p  facilities 
are  located  at  Karengo. 


OPVRATIKG   CONDITIONS. 
At  31gin  und  33lvid3ro  waiting-  sta- 
tions are   jointly  inalatainsd  "by   ths  Elgiiv     '« 
Belvider;?  Railway  and    tuS   conna^ting  railways. 
Tl;e  schedules  hava  bS'Sn  crranged  30  as   tc   siva 
pittroris  olosa  ooriiisction  with  all  trains  running 
north,   -aast,  and  west.      By   tl  is  a-rrargsmerfc   viiStt 
±9  practically  a  through     serrics  from  joints 
northi  and   Aeat  of  Eelvidere   to  Cbicago,   and  all 
points  on  t:.3  Aurora,  31t;in  &  Chicago  Railway 
is  obtained.        An  hourly  schedule  is  icxa rXui ned 
in  "both  directions.      Regular  agency  stations  are 
raaintaiued  at  Zlgin,   Gilherts,   Huntley,   Union, 
liarengo.  Garden  Prairie  and  Lelvidore.      Steps 
are  regvCLurly  i/iade  at  these  stations  and   upon 
signal  cars  will   iick  up  passengers  at  any  of 
the   principal   highway  crossirga  along   tV.e    line. 
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CHOICE  or  i:;cr  ycij  d,  c,   SYSTinf. 

Is  stated  ir  :s.rt   1,   this  r;.ilYOad 
Is   nc'.v  cicTixtir.£  at.  t.  trolley  voltage   of  600. 
V/'t;  propose  to  change  this   for  sereral   reasons, 
to    3200  volt-.;,  direct  cr'.rr'^nt.      C'^rie   of  these 
reasons  are  as  follows: 

1.  More  economical   operating  or^nditions 
as  compared   .vith   th-?   600   volt    lines,  "becauflf?  of 
the  reduced   niimber  of   gubstatlors,   and  here-?  the 
reduction  ir   the  helj    employed. 

2,  Hi  gh  3r   subs  tati  o n  3f  f i  ci  e rscy,   "by  . 
virtuye   of   tha   fact  that  it  ircre^isss    th-;*    lead 
factor  in  ib-a  substations,    bacauss  a  lor^^er  sec- 
tion of  ths   lins  is  fed  fro::!)  one  substation  and 
honco  power  is  ■'>3ing  drawn     fro:T;   that   substation 
for  a  Icngar  tiwa  than  in  tb3  case  of  u  600  Tolt 
installiition. 

3.        It  i3  al30   possible  to  Increase  the 
schedule  si^sed  of  th'3  trains,  but   tVis  is  of 
irdnoT  imiortancs  compared  with  the  first   two. 

In  all,   th-3  chief  reason  for  a  ohanj^e 
in  yoltfige   on  this   railway  is   that  nore  economi- 
cal  oparatinc  conditions  will  result,   and  as 
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profits  are  the  main  thing  in  any  railway, 
we  think  that  we  should  ctiange  the  trolley 
voltage  to  laOO. 

In  the  building  of  a  new  road  the 
saving  in  suhstations  &nd  feeders  is  qxiite 
an  important    item,  but  here,   since  the  road  is 
huilt,  it  v/ill  not  be  so  important,  but  as 
future  extensions  are  possible,   they  can  now 
be  built  without   the  addition  of  nev<f  feeders 
or  substations. 
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CHOICE  OP  l^TOH, 
In  riost  laoo   volt  installations  it 
has  bean  the  practice   to  use   two   600  rolt  rnctora 
permanently  in  series.      However,   these  motors 
are  ineuli-xted   to  withstand   1200  volts,  if  it 
should  happen  to  ho  impreasod  upon  any  one  of 
thent      The  reason  for  using  t^vo  six  hujndred  \folt 
motors  is  obvious,  because  in  sone  localities, 
chiefly  in  cities,  it  is  necessary  fer  the  inter- 
rurhan  cars  to  operate  at  the  lower  trolley  po- 
tential  of  600  volts,  and  If   the   same  speed  is 
required  it  can     be  obtained  by  rcsans  of  a  cht^nge 
over  siSfltch,   which  places  all  four  motors  in  para- 
llel across  six  hundred  volts.        However,  in  some 
cases,  straight    1200  volt  rnotors  have  been  used, 
and  In  this  case  when  operating  on  600  volt   lines 
the  maxlmun  speed  is  reduced  to  ono  half  Its  value 
on   1200  volts.      V^e  followed  the  usual  practice 
and  only  considered  600  volt  motors. 

The  motors  considered  were  G.  15.-214, 
G.B.-205,  and  the  l^estinghoueo  303-A,   rated  at 
seventy  horse  power,   one  hundred  horse  povvar  and 
one  hundred  fifteen  horse  power  respectively  at 
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600  volts. 

It  vvAa  j'ound    that    ilia  uvaragta  l3j:igtli 
of  run  waij  tv>o  iniiea,  and  the  approxirciate 
weight   i-'sr  .uctox,    iiairjg  Tour  motors   ^qt  oxx ^ 
wa3   ttjxi   iona»      AXii^r  due  conaldaxation  of  the 
pxofixe  of   the   road,  it  was  d»oid©d   that  irttiiil 
acc«lori*tion  c£  0/1-3  a,nd  one  h<k.ir  nulss  j^er  hour 
p«r  socorid  on  the  rheostat  und  u.  breaking  accsler- 
ation  of   t'l^o  liiiled  per  hour  per  aeoond  vv&ta    the 
most  auit&ci^  tor  thia  class  of  service. 

ij/ith  these  conditions  wall  in  ndnd  and 
with  the  aid   of   the  manufacturers  bulletin, 
ouryes  of  trcictivg  effort  and  current  conauiaptlon 
as  related,  to  spe<3d  in  wdles  per  hour  ware  drawn 
for  various  gear  ri-.tios,  fox   isach  niotor  under 
conai  deration. 

Trial  runs  v;ero  then  rnade,    consisting 
of  a  speed  tirae  curve  for  a  distance  of  two 
miles  on   level   track,      Sihcs   the  schedule   speed 
o£  approxiwately  thirty  lal  les  per  hour  was  de- 
sired,  it  was   necessary  for   the  motors  to  reach 
a  majcix.ium  speed  of  forty  five  ndles  pex  hour. 

On  the  first  trial  the  G. ii;.-ij:14  motor 
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was  elindnatdd,    because  it  could   not  develop 

with  t'r.s  t^'lrlmun  fenr  ratio,   the  required  free 
runririii  sjoed. 

Hut  attentl  ons  were  then  placed  upon 
tl.  3  G.  71-305  motor.      It  was  found  that  this  niotor 
cou3d   nalre  the  run,  but  that  the  free  running 
motor  curve  '.tith  the  ndrimvuQ  allowable  gear  ratio 
did  not  rlo^  qv1 1?  f&st  snougj*  and  though  it  did 
finally  reach   the  reqi^ired  value  to  rnalce  the  run 
in  the  raqtdred  time,   it  necessitated  a  power 
application  ooverinr':^  about   two   thirds   of   the  total 
run,  and  this  was  prohibited.      For  this  reason 
it  wag   decided  zo   turn  our  attentions   to  a  slight- 
ly  larger  rffttor. 

The  Westinehouse  motor  No.    303-A.    was  the 
next  to  he  onnsldered.      Trial  runs  were  made  with 
the  gear  ratio  as  is  shown  on  sheet  number  9. 
It  was  found  that  this  "r\otor  could  easily  make 
the  run  with  power  applied  for  only  one  third  of 
the  tire  of  the  run.      The  power  consumption  was 
aleo  considered,   and  it  was  found  for  the  various 
sear  ratios  that   there  was  no  great  difference  in 
power  constcaption,  and  it  is  necessary  for  the 
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Ct-\2s    bo  ri^eh  a  hi^h  jiajcimtun  speed,  u  gasir 
ratit   of  2.  ~4   .vas  cV.ossn,    witVi  twenty  three 
ts5t?i   or.  the-  i-inion  cinci   fifty  f^i^r  on   tV. 3 

'v.'ith    this  ges,r  ratio  c.rvos  were 
drav.Ti  to   oV.cv/  the   eff'^ot  of  various  grades   o^ 
th«  :?2i'^t,or,    '.vhicVi  V.ave  l»°5n  ^  ri  'it«cl   on  <=?^eet 

ID. 


EjnSRGY  TO  i?AKE  Rim. 

Tlie  next  to  "be  ccnalderod  w&a  the  pro- 
file of  the  ro&d,  '.vhioh  has  been  placed  in  this 
paper  &.8  sheets   r.uabtira    11,    IZ,  and    13. 

Ep-eed   time  and  current  tiiae  curves 
v;©re   then  ciri-.v;n,   arta  sheets   14  and   15  will  sV  ow. 
This  was  dcue  for  the  deterzni nation  of  the  tine 
r squired  and  also  the  current  necessary  to  niaka 
the  run.      The  speed  time  curves  were  drawn  with 
the  assumptior:  that  stops  of  fifteen  seconds 
duration  would  he  made  at  all  principal  Vi^iJiv/ays 
and  towns.      From  these  curves  the  possible  run»- 
Aing  tine  wus  obtained.      Then  the  requirea   tir;e 
to  make  the  run  with  the  ndninum  amount  of  lay- 
overs at  termi)iala,   giving  hourly  service  with 
the   least  niariber  of  cars  was  determined,  so  the 
cars  could  pass  where  the  turn  outa  are  at  pres- 
ent located. 

Tl.e  ti.T.e  was  found  to  be  one  hour  and 
twenty  minutes,   thus  allowing  curs  to    leave  Bslvi- 
dore  on  the  even  hour  and  Slgin  on  the  half  hour. 
The  oars  now  in  use  were  found  to  be  of  sul'ficient 
size  to  handle  the  traffic  on  the  road  under  these 
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conditions. 

A  train  sheet  ',7a3  then  dra^»n  m.ioh 
shows   the   poaitlor,  of  all   trains  t>-rcufhout 
the  running  ho-urs  of  the  day.      This  Is  shown 
as  number  16.      it  was  th^n  possible   to  com- 
plete the  aocoir.panying:  schedules  20  a,nd  21* 
Th'3  current  time  curves  •.v■^re  d.ra\vn 
30  as   to  predetermine   the  energy  necessary  to 
propel  a  Cut  ovex-  tho    line.      It  was  found  that 
*n     energy  consumption  of  77.4  "hE.    p-^r  T.M, 
was  required  to    make   the  east  hound  run,   and 
76.9     V/.  H.    p.3r  T. ::,    was   noaded   tc  imke   the   ,¥23 1 
bound   run.      i'rom   these   the   load  curves  w.-ire  ob- 
tained, aasunil  ng  that  tv/entj''  amperes  were  oo:> 
sui-^ed  by  tha  dyan:natcr»  and  air  comriressork 
•qpie   lights  being  fed  from  the  dynaraotor  v/hile 
operating  at    liJOO   volts.      The   load   curvs  was 
drawn  in  three  parts,   the  first  part  showing 
the  variation  of    load  from  5:20  A.M.    to   7:0C 
A.1^      The  second  part   showing  the  variation  of 
the  load  during  ^-^ar^  hour  from  7:00  A.!,',    to 
11:00   P. I!.  ,   and  the   third  part  from  11:00  ?.K. 
to   12:25  A.  2iS.      These  are   numbered   17,    18,  and   19, 
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Pror"  the   load   cvrveg  it    Is   sn-nn  tT-at 
a  TTiaxiinuin  aroourt   of  power  ts  afr^cxt 'Ta.t'ily   eight 
hundred  eighty  airiperes  at   l!200  rolts ,   and  w«? 
propose  to   eMrir.»?.te  t^e  euV>8tatior  at  TTr^^ort, 
tv.t  at   the  same  tirie  1  increase   the  capacities   of 
the  other  two  etatlors  by  300  K,  V.'.  .  hy  ^ovlrg; 
tho  }  resent  300  K,V.    rotary  from  Union  to  Garden 
Prairie,   and   jnst8llin,=-  a  new  500  F.  V^,    rotary 
at  01  Iherte.      TVe  plan  1b   to   operate   tv'©  600 
volt  machines  in  series,   in  ecxch   station,    and 
thus  produce  a  trolley   potential   of    1200  volts. 
TVie  additional  equljTnent  necessary  will  he   new 
standard  r^l  3v,'ay   switch  hoards  for   1200  volt 
service,  and   nev.'  transformers  for  use  v?!  th   the 
new  machine.      The  present  transiKlsslon  line  is 
0f  a  sufficient   size  to   take  care  of  thJ  s  ad- 
ditional  equipment. 
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In  changing  the  voltacre  from  600   to 
1200  volts   and   eljmlnfiting   the   substation  at 
Union,   it   fnx^  found   n«e«%S3ary  to  r^plac?   the 
present  itXT.ooo  ciroiaar  jnill  feeder  with  a 
400,000  circular  j::ill  feeder  frotn  Gilherts 
west   to  Mark's   Sidinp,    a  distance  of   two 
and  six  tenths  miles,   also  from  Gardan  Prairie 
east  to  "ttie  Atarengo  shops,  a  distance  of  five 
and  f  our t tenths  miles,      TVil  s  was  done  because 
at   these  t%vo  points  trains  pass  each  other, 
and  henoa  the  severest  drain  on  the  feeder 
system  takes   place.        Ths   present  trolley  wire 
was  found   to  be  too  srrtall  to  obtain  the  re-* 
quired  voltage  reiruluti on ,   and  **s  it  ht*s  been 
in  place  since  the  opening  of  the   line  in   1907 
it  was  deemed  advisable  to   replace  it  with  No. 
0000   grooved  wire   thereby  allowing  a  ndnimura 
of  1100   volts  at   the  car. 
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CAR  SqUlZi-uJl'lT. 
/»3   dotexim  nael  in  th2  i.r:;vio-a3  pageo, 
a  Wosti  (igliouije   303- A.    raotor  was    tc  be   used, 
i'oux'  oi"   uViaa^  will  ue   used  on   'jcvcVa  car^   i^nd 
arrci-rifeeu.  V/itii  V.'&ati  iigliouse    t>i'0  lUL.    cc-i.troi. 
A  cl.arig»-ovsr  switch  will  be  lr;sfce<.llod  so  .^s 
to  ai'i'Qru    tha   udj*   of  t.ll  four  iiiotois  ixi  i)«a,iitll«l 
or;  600   volts,   ^nd   two   groups  connected  in  j'cra- 
Hel   vd  Ua    tudir  redpective  motors,  conrjeoted  in 
sorioa  on  1200   volta.      This  is  dor^e   to  allow 
full  speed  on  Boskford  ur.d  Iriterrurban  Li  naa, 
cv<2r  whioh  t:.. s  cu.r5  operate,      A  dj?namotor  will 
olae  be  supplied   to  give  currant  a.t  600  volta 
to   the  fiir  co;npres3or,   lights  ani   ccr.troD    cir- 
cuits, whila   running  on  tbe    lf200   vol-   sec  tic'. 
Ori.  600  volt   3?cticn   the  currant  will  be   supplied 
diract  fron^   the  trollsy  wire.      The  wiring  in  tfc« 
car  bodies  will     hu.v?  to  be   rerodeled   to  with- 
stand  th-s  increased   voltags  and  iidditior;3   Aill 
hiiTS    tc   h-2  .aad3   tc   take  ours   of    thof  above  acp'art- 
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In  concluding  ws  wish   to  ma.!-:©  noro 
©mi'hatic    the  adruntagas  tl.ut  cci.n  bo  obtained  by 
'vhe  use   of    1300   yolt  -ii;~3Ct  current   systouiij. 
lliiny  c.ntp.r.oora  Lav3  a.d7ocutQd   tV.a   single  phiiae 
al tor iia ting  curror.t  o^-stem  as  tJ-. a  solution  of 
hv5avy   tr:iffic   j^roblerar. ,  but   due   tc   th3  fact 
that   tVxe   direct  current  sqiui-rnent  iy  moxr^  flex- 
ible and  much   liglxter  U3  c orupui,re-d  with   thi  al- 
tarriitli.^  wi-iTiint  dviuipnvent ,  d.nd  ia.a ,   in  all 
n     casea  investigated,   lh«3  direct  cuirent.   oyat'^m 
y'&3  found   to  b'^  cheaper   than  the  corxsajondi  ng 
aJternating  ouirent   systsn.      Then,  us   tViis   waa 
pr«3Yiously  u  600  vole   direct  current  a^ateKi, 
th<3   trolley   vol^rj^:}  co-jll  ba  radaed  \fith  l.    idnl- 
r»um  expenge. 

«'3   oali  fjv<=i   that   thogi  expenditureo  wovld 
b3  :nors  than  offaet  by  the  incraaaad  prcfi  ta  in 
tb3  enaulrifj:  y.3ur3,      Vo  aloo  wiah  to  add   that   the 
reason  why  liinited  serrics  was   not  inclwdad  in 
OUT  achedul-s  was  because   thg  olaaa  of  people  did 
not  warrant  it,   and   the  tj  me  saved  waa   not  rrsat. 
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A:iy  £i.Kount   of  rrei^Yt   n?^rvic«  can  'be  added 
and  sidint;c   c.-^stnjoted  wi  thout  any  addition 
to   tuc  faster  outla.y. 
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